General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



N 83- 2 75 ,9 


(NASA-TM-8502 5) RELATIONSHIPS BETH EEN 
FIELD-ALIGNED CURRENTS, ELECTRIC FIELDS AND 
'MAT I CL E PRECIPITATION AS OBSERVED BX 
D 4A HICS EXPLORER-2 (NASA) 25 p Unclas 

A02/HF A01 CSJL 04 A G3/46 09057 

NASA 

Technical Memorandum 85025 

Relationships Between 
Field-Aligned Currents, Electric 
Fields, and Particle Precipitation 
as Observed by Dynamics 
Explorer-2 


M. Sugiura, T. lyemori, R. A. Hoffman, 

N. C. Maynard, J. L. Burch, 
and J. D. Winningham 


MAY 1983 


National Aeronautics and 
Space Administration 

Goddard Space Flight Center 

Greenbelt, Maryland 20771 




ORIGINAL PAGE 13 

OF POOR QUALITY 


RELATIONSHIPS 

PARTICLE 


BETWEEN FIELD-ALIGNED CURRENTS, ELECTRIC FIELDS, 
PRECIPITATION AS OBSERVED BY DYNAMICS EXPLORER-2 


AND 


M. Sugiura, T. Iyemori . R. A. Hoffman, N. C. Maynard 
Goddard Space Flight Center, Greenbelt, Maryland 20771 

J. L. Burch, J. D. Winningham 
Southwest Research Institute, San Antonio, Texas 782B4 


MAY 1983 


ORIGINAL* PAGE IS 
OF POOR QUALITY 


1 


ABSTRACT 


The relationships between field-aligned currents, electric fields, and 
particle fluxes are determined using observations from the polar orbiting 
low-altitude satellite Dynamics Explorer-2. It is shown that the 
north-south electric field and the east-west magnetic field components are 
usually highly correlated in the field-aligned current regions. This 
proportionality observational ly proves that the field-aligned current 
equals the divergence of the height-integrated ionospheric Pedersen current 
in the meridional plane to a high degree of approximation. As a general 
rule, in the evening sector the upward field-aligned currents flow in the 
boundary plasma sheet region and the downward currents flow in the central 
plasma sheet region. The current densities determined independently from 
the plasma and magnetic field measurements are compared. Althouyn the 
current densities deduced from the two methods are in general agreement, 
the degree and extent of the agreement vary in individual cases. 
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INTRODUCTION 


Field-aligned currents, electric fields, and precipitating particle 
fluxes constitute key physical parameters in the magnetosphere- ionosphere 
coupling processes. Theoretical models for a self-cot distent system of 
this coupling mechanism have been presented by Vasyliunas (1970, 1972), 
Wolf (1970, 1974), Harel et al. (1979) and many others. Extensive studies 
have been made on the relationships between field-aligned currents, 
electric fields, and particle precipitation using data from satellites, 
sounding rockets, and ground-based facilities. Bostrom (1974) 
theoretically recognized the proportionality between the electric and 
magnetic field components associated with field-aligned currents and 
pointed out the resemblance between some of the magnetic field signatures 
of field-aligned currents observed by Triad (Armstrong, 1974) and some of 
the electric field variations observed from Injun 5 (Gurnett and Frank, 
1973), although the comparison was not between simultaneously observed 
data. Comparisons of simultaneous magnetic and electric field signatures 
of field-aligned currents have been made using the electric and magnetic 
field observations on the S3-2 and S3-3 satellites (e.g., Burke et al., 
1980; Smiddy etal., 1980; Rich et al., 1981), the ion drift and magnetic 
field measurements on AE-C (Bythrow et al., 1980), the Chatanika radar 
observations (e.g., de la Beaujardiere et al., 1977), and a combination of 
the Chatanika radar observations and the magnetometer measurements from 
Triad, (e.g., Robinson et al., 1982). 

Early investigations of the relations between auroral particle 
precipitation and field-aligned currents (and also electric fields) are 
reviewed by Arnoldy (1974) and Anderson and Vondrak (1975). Numerous 
papers have been written on this subject since then, using particle flux 
measurements or optical observations of the aurora and the field-aligned 
current data deduced from magnetic field measurements or from incoherent 
scatter radar observations (e.g., Klumpar, 1979; Burke et al., 1980; 
Robinson et al., 1982; Senior et al . , 1982). 

One of the objectives of the Dynamics Explorer (DE) mission is to 
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investigate quantitatively the relationships between field-aligned 
currents, electric fields, and particle fluxes with simultaneous 
observations. Descriptions of the magnetometer, the electric field probe, 
and the plasma experiment (LAPI) have been given by Farthing et al . (1981), 
Maynard et al . (1981), and Winningham et al , (1981), respectively. 

CORRELATION BETWEEN MAGNETIC AND ELECTRIC FIELDS 

Sugiura et al. (1982) have presented initial DE-2 results on the 
correlation between the magnetic and electric fields in the field-aligned 
current regions. They showed that the traces of the north-south component 
of the electric field and of the east-west component of the magnetic field 
are usually very similar and that the correlation coefficient between these 
parameters is often as high as 0.99. Figure 1 shows the north- south 
component of the electric field and the geomagnetic north- south and 
east-west components of the magnetic field observed from DE-2 during a pass 
on July 29, 1982, 0606-0610UT, crossing the dayside cusp. The x component 
of the electric field is along the satellite velocity vector and in this 
case it is northward. The magnetic field data plotted are the differences 
between the observed field and a reference field based on the latest Magsat 
model field (see Langel et al., 1980, for a description of the'Magsat 
results). The sampling rate of the measurement is 16 samples per second 
both for the electric and magnetic field observations. There is a striking 
similarity between the north-south electric field and east-west magnetic 
field components except that the electric field data show considerably more 
rapid fluctuations than the magnetic field data. Using 1/2 second 
averages, the coefficient of correlation between these two parameters for 
the 6-minute period 0605 to 0611 (containing the 4-minute interval shown in 
the figure) is 0.992. To see if the correlation varies significantly 
between the regions of weak current (equatorward and poleward of the cusp) 
and the vicinity of the cusp where the current is more intense, the above 
interval was divided into three segments: 0606:10-0607:30, 

0607:30-0609:00, and 0609:00-0610:00, and the correlation coefficient was 
calculated for each of these segments, using the high time resolution data 
(at 16 samples per second). The correlation coefficients so calculated are 
0.996, 0.98, and 0.98 respectively. This result shows that the high 
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correlation is not limited to the regions where the current densities are 
large. 

We now examine the relation between the electric and magnetic fields 
analytically. Let the x, y and z axes be toward the north, east and 
downward, respect i vely. For simplicity, let the ambient magnetic field be 
vertical and downward. We assume that 3b z /3t * 0 and that b x is 
independent of y (i.e. j |( = - (l/u 0 )3b y /3x) , where b is the perturbation 
magnetic field, the y component of which corresponds to aB^ in our data 
presentation. Then by equating j t| to the divergence of the 
height- integrated horizontal ionospheric current, we obtain 

( l/n 0 ) 3b y /3X = a(s p E x )/3X + a (z p E y )/ay + E x 3z H /ay - E y 3z H /3x ( 1 ) 

where z p and z H are the height- integrated Pedersen and Hall conductivities. 
If E is independent of x, and if the conductivities and E are independent 
of y, eq.(l) can be integrated to give 

b y = n 0 (tpL x - s H E y ) + const (2) 

If the observed values of b are linearly correlated with those of E 

y * 

with a coefficient of correlation near unity over distances of several 

hundred or even several thousand kilometers along the x axis, we must 

conclude either (a) that the north-south Hall current is zero and that 

b y » PqSrEx + const (3) 

or (b) that E is always proportional to E . However, E was assumed to be 

y * y 

independent of x in deriving eq.(2). Since E x varies with x, the 

proportionality of E to E contradicts with this assumption. Hence (a), 

y * 

i.e. eq.(3), is the only choice. 

If eq.(3) holds, then the slope of the b (corresponding to &B in 

y $ 

Figure 1) vs. E x enables us to determine Zp. We have made several 
simplifying assumptions in deriving the relationship expressed by eq.(3). 
However, considering the complexity of eq.(l), the probability that the 
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proportionality between b and E holds over large distances on many passes 

y * 

at different local times would appear near null if the terms other than the 
first term are not negligible. We thus conclude that when the correlation 
between the north-south component of the electric field and the east-west 
component of the magnetic field is high, the field-aligned current equals 
the divergence of the height-integrated Pedersen current within the 
meridional plane, and that the Hall current from an east-west electric 
field, if any, makes no significant contribution to the field-aligned 
current under this condition. 

For the three subintervals mentioned above in reference to the July 
29, 1982 example, the value of Zp determined by eq.(3) is 5.3, 5.5 and 5.9 
mhos, respectively. The variation in Zp is relatively small even though 
the current densities vary between these sections. This feature is 
consistent with the interpretation that the primary source of ionization is 
the solar EUV, and is in strong contrast with the condition on the 
nightside where the ionization is mainly from precipitating particles. 
Sugiura et al . ( 1982 ) have shown an example near 21 hours MLT in which the 
conductivity is largest where the current is most intense and in which tne 
conductivity decreases away from the main current region. 

RELATIONS WITH PARTICLE PRECIPITATION IN EVENING SECTOR 


From an extensive inspection of preliminary energy-time spectrograms 
obtained from LAPI observations, it has become clear that in no local time 
sectors do the precipitating positive ions consistently play a primary role 
in carrying downward field-aligned currents. Therefore in this section we 
only discuss the relations between electron precipitation and field-aligned 
currents. The morphological relationships between these parameters are 
complex and depend strongly on local time. In this paper we limit our 
discussion to the evening sector. Figure 2 shows from top to bottom, plots 
of the north-south component of the electric field, the dipole north-south 
and east-west components of the magnetic field, and the electron 
energy-time spectrogram at zero degree pitch angle and the electron number 
flux obtained from LAPI, for a high latitutde pass near magnetic local time 
(MLT) 19 hours on October 20, 1981. Electrons measured are in the energy 
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range 5 eV to 32 keV. In the basic mode of operation a 32 point energy 
spectrum is obtained every second. The electric and magnetic field data 
are 1/2 second averages. Plots of all indicate that the upward 
field-aligned current region extends approximately from 0756:30 to 0758:20, 
and that a downward current is observed from 0758:20 to about 0759:00. The 
current directions are schematically indicated by arrows in the figure. 

The x component of the electric field in Figure 2 (and also in Figure 3 
below) is southward. Therefore the coefficient of correlation between E x 
and aB, has an opposite sign to the case shown in Figure 1. The 
terminology of Winningham et al. (1975) has been found helpful in 
determining the relationships between the characteristics of electrons and 
field-aligned currents. According to Winningham et al . (1975), the 
electron flux precipitating from the central plasma sheet (CPS) is 
relatively stable with respect to ‘substorm time' and spatially uniform, 
and its variation, if any, is a uniform increase or decrease in intensity. 
The boundary plasma sheet (BPS) precipitation is characterized by highly 
variable plasma precipitation poleward of the CPS region. It is in the BPS 
region that structures such as the 'inverted V' are observed, as seen in 
the figure. As to the field-aligned currents, it is more convenient for 
the present purpose to categorize the field-aligned current regions simply 
by upward and downward current regions rather than by regions 1 and 2 as is 
usually done following the nomenclature of Iijima and Potemra (1976). 

In Figure 2 the upward field-aligned current region coincides with the 
inverted V's in the boundary plasma sheet (BPS) precipitation and the 
downward current region is inside the central plasma sheet (CPS). In this 
example there is a sharp transition between the two main current regions. 
The spectrogram and the number flux show that the higher electron flux 
(roughly from 0757:55 to 0758:20) gives a steeper slope in a and hence a 
greater current density. The current density distribution for this pass is 
given in the next section (Fig. 7). 

Another example is presented in Figure 3 for an evening pass near. 21 
hours MLT on October 29, 1981. From aB., the upward field-aligned current 

9 

region is approximately from 2324:00 to 2325:40 and is in the BPS electron 
precipitation region. However, in this example the BPS extends poleward 
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beyond the high latitude edge of the upward current region and into a 
region of weak predominantly downward current. As in the previous case of 
October 20, the abrupt (equatorward) termination of the BPS elect oris 
clearly coincides with the boundary between the regions of upward and 
downward field-aligned current. Again the downward current region roughly 
coincides with the CPS region. 

In the October 29 case there are fine structures in both upward and 
downward current regions. (The current density profile is shown in Fig. 5 
in the following section.) Corresponding to each structure of intensified 
electron flux, an indication of upward current is discernible in the 
magnetic field data. This feature is not limited to the evening sector but 
is common at all local times. 

In the electron spectrograms, narrow gaps of varying width are often 
found which have appearances of 'holes' in the electron precipitation. In 
these 'holes' the currents are always downward. As an example, referring 
to Figure 2, a small downward current exists in the BPS region for about 5 
seconds after 0757:50, and the electron precipitation nearly vanishes. 
Another example is seen near 2325:10 in the October 29 event shown in 
Figure 3. 

In these two examples the north-south component of the electric field 
is generally similar to the east-west component of the magnetic field on 
large scales but there are appreciable deviations from the proportionality 
in small scale structures in the evening sector. However, generally 
speaking, the electric and magnetic field variations are consistent in the 
manner discussed in the preceding section and in our previous paper 
(Sugiura et al . , 1982) . 

CURRENT DENSITIES 

The density of field-aligned current is calculated from the east-west 
component of the magnetic field assuming a series of field-aligned infinite 
current layers that are locally normal to the dipole meridian plane. The 
differentiation of the magnetic field component is made with respect to the 



distance normal to the current sheets. The current density profile for the 
cusp pass on July 29, 1982 (Fig. 1) based on 2-second averages of a 8^ is 
shown in Figure 4. Even with these smoothed data the current density has 
large fluctuations. Through a careful examination of the current densities 
derived from high time-resolution magnetic field data that are not averaged 
and from averages over various time lengths (1/2 sec, 1 sec, 2 sec, etc.) 
we have concluded that in terms of current density the field-aligned 
currents have much more detailed structures than the human eye can resolve 
in the magnetic field plots. Figure 5 shows the current density plotted 
with the electric and magnetic field components for the October 29, 1981 
pass (Fig. 3). The current density given here is based on 1-second 
averages of aB^, while the electric and magnetic field data are 1/2 second 
averages as in Figure 3. The maximum current density in the time interval 

p 

shown is about 10 uA/mS 

Figure 6 gives the current density (1-second averages) and the 
electric and magnetic field components (1/2-second averages) for a pass 
near 20 hours MLT on October 7, 1981. In this case there was a very thin 
upward current layer coinciding with a narrow intense BPS electron flux 
region (electron spectrogram not shown in this paper). The region of 
irregular current roughly coincides with the CPS region. However, a 
detailed analysis of plasma data is required to specify the nature of the 
electron population that is related to the irregular field-aligned 
currents. There is a region of high electric field with a peak intensity 
of 150 mV/m near 1029:35, which is an example of a rapid subauroral ion 
drift (SAID) region (see Spiro et al., 1978). Because of low conductivity, 
however, the field-aligned current is weak with a current density of only a 

p 

few ji A/m • 

A method has been developed to deduce the current density from the 
plasma measurements on DE-1 and -2 (Burch et al., 1983) on a routine basis. 
An example of comparison between the current density distributions derived 
g from the LAPI data and from the magnetic field data is shown in Figure 7 
for the October 20, 1981 pass (Fig. 2). The energy sweep in LAPI takes 1 
second*, therefore 1 second is the time resolution in the current density 
calculation using the LAPI data. Correspondingly, the current density from 
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the magnetic field data is based on 1-second averages of the field. The 

overall features are remarkably similar between the two current profiles in 

the region of upward current, even for small variations. In the region of . 

regative (downward) current, the LAP I currents go nearly to zero. The * 

» If 

boundaries of the upward and downward current regions derived from the two • 

methods agree exactly. In this example the current densities determined j 

from the plasma data are generally smaller than those determined from the 

magnetic field data by factors of 2 to 4. However, this is not always the j 

case; there are examples in which the current densities derived from the 

magnetic field are smaller than those from the plasma data. There are also 

cases where the agreement is nearly perfect in some portions of a pass but 

is rather poor in other portions. These facts indicate an extreme 

complexity of the relationships between field-aligned currents and particle 

precipitation. In deriving the current density from the magnetic field 

data we assumed infinite current sheets. However, this is an idealization 

and in reality, structured field-aligned currents are more likely to be 

filamentary (or of irregular shape) than being longitudinally uniform, as 

for instance the Ogo 4 observations suggested (Berko et al., 1975). Also 

the time unit of 1-second used is the time required for the plasma 

instrument to sweep the 32 energy steps, while the 1-second magnetic field 

data are true averages. The differences between the values of current 

density derived from the plasma data and from the magnetic field data may 

partially stem from the different nature of the data. Thus, future 

studies would require more detailed investigations of the current 

distribution taking these factors into consideration. 

CONCLUSIONS j 

With the DE-2 observations the relationships between electric fields, 
field-aligned currents, and precipitating particles were examined. The 
north-south component of the electric field and the east-west component of 
the magnetic field are generally highly correlated in the field-aligned 
current regions. This high correlation gives an observational proof that 
the field-aligned current equals the divergence of the height-integrated 
Pedersen current within the meridional plane to a high degree of 
approximation. The height-integrated Pedersen conductivity can be 
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determined from the constant of proportional i ty between these parameters. 

In the evening sector the upward field-aligned currents are usually in the 
boundary plasma sheet region and the downward currents flow in the central 
plasma sheet region. The current densities calculated from the plasma data 
and the magnetic field data agree in general features but tne magnitudes of 
the current density determined by the two methods are not necessarily in 
agreement. The current density distribution has much more detailed 
structures than is visible to the eye in the magnetic field plots. 
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FIGURE CAPTIONS 


FIGURE 1. The component of the electric field along the spacecraft 
velocity vector (northward on this pass) and the southward and 
eastward components of the perturbation magnetic field in geomagnetic 
diple coordinates, on a dayside cusp pass on July 29, 1982. The 
height-integrated Pedersen conductivity, s p , is ggiven for the three 
segments indicated. 

FIGURE 2. The component of the electric field along the spacecraft 

velocity vector (southward on this pass), the southward and eastward 
components of the perturbation magnetic field in yeomagnetic dipole 
coordinates, and the energy-time spectrogram and the number flux for 
electrons, on an evening pass on October 20, 1981. Arrows in the 
third panel schematically indicate field-aligned current directions. 

FIGURE 3. The components of the electric and magnetic fields and tne 
electron spectrogram and number flux (see Fig. 2 caption) for an 
evening pass on October 29, 1981. 

FIGURE 4. The current density (upper panel) deduced from 2-second averages 
of the magnetic field data (lower panel) for the cusp pass on July 29, 
1981, shown in Fig* 1. 

FIGURE 5. The current density (1-second averages) and the electric and 
magnetic field components (1/2-second averages) for the evening pass 
on October 29, 1981, shown in Fig. 3. 

FIGURE 6. The current density (1-second averages) and the electric and 

magnetic field components (1/2-second averages) for an evening pass on 
October 7, 1981. The electric field, E , plot shows a large electric 

a 

field in a rapid subauroral ion drift convection region near 60° 
invariant latitude. 
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FIGURE 7. Comparison of the current density, deduced from the plasma 

data and the current density, deduced from the magnetic field 

data; these values are computed once in each second. The bottom panel 
gives the magnetic field component from which the current density was 
deduced. 
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30 


UT 

23=20 

23=22 

23=24 

23=26 

23=28 

23=30 

ALT 

889 

869 

844 

876 

785 

761 

MLT 

2.3 

22.3 

21.3 

20.9 

20.7 

20.5 

ILAT 

— 

79.4 

73.5 

67.4 

61.1 

54.8 


FIGURE 5 
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DE-2 



MLT 19.8 20.1 

ILAT 76.2 73.1 
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DE-2 20 OCT 1981 



UT 

07:55 

07^56 

07:57 

07:58 

07:59 

08 : 00 

ALT 

935 

937 

937 

937 

935 

932 

MLT 

18.6 

19.1 

19.4 

19.6 

19.8 

20.0 

ILAT 

75.2 

72.2 

69.1 

65.8 

62.6 

59.4 
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